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For the 2018 NASA eXploration Systems and Habitation (X-HAB) Academic Innovation
Challenge, the Michigan Bioastronautics and Life Support Systems (BLiSS) team developed
the Argo concept, a dual-purpose habitat architecture that can be used both in deep space
transit and on the Martian surface. This represents a substantial design challenge as
interplanetary space and the Martian surface present conflicting design requirements. The
Argo concept looks to solve this challenge by ensuring the conditions experienced on the
deep-space transit are similar to those experienced on the Martian surface through the
implementation of artificial gravity. This 0.38g artificial gravity allows inhabitants to easily
transition from the deep-space transit to the Martian surface configuration and can
significantly reduce the risk of mission critical injuries due to bone and muscle degradation.
Habitat commonality across human exploration architecture offers significant advantages by
consolidating risk, and streamlining development and logistics. To carry out the design work
BLiSS assembled a multidisciplinary team of students, faculty, and professionals
representing the fields of aerospace engineering, architecture, ergonomics, and medicine.
This paper will detail the design and development of the Argo habitat module. In addition,
there will be a depiction of efforts to construct a full-scale mock-up of Argo.
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I. Introduction

Commonality of design between a space transfer habitat and a Mars surface habitat has the potential to
significantly reduce mission costs and risk across a human exploration architecture. A common module design can
be produced by a common engineering team using common tooling, streamlining development and production costs.
Common components can simplify exploration logistics as a common kit of parts could support repairs on both the
surface and transit modules. With respect to human factors a common module layout and common module interfaces
could greatly reduce the cognitive load on the astronauts and overall crew training time as the procedures for
operating the different habitat variants would essentially be the same. Although commonality can bring great
benefits it is hard to implement in practice as the Martian surface and interplanetary space represent two vastly
different operating environments. Configurations beyond the standard “tuna can” modules will most likely be
needed to fully make use of commonality.
Recognizing this, the National Aeronautics and Space Administration (hereinafter, NASA) made Mars Habitat
Commonality a project in the 2018 X-HAB challenge. The basic requirements were that the habitat should house a
crew of 4-6 on either a 1000 day transit or 500 day surface mission with the highest degree of commonality
practicable between the surface and transit variants.1 The design had to interface with all elements of NASA’s
exploration architecture such as SLS, Orion, and landers. Although not required outright, NASA gave the option for
the transit configuration to provide some degree of artificial gravity (AG). 1 A complete list of requirements can be
found in appendix A.
The BLiSS student team at the University of Michigan participated in this project during the 2017-2018
academic year and Argo is the result. To accomplish this BLiSS assembled a multidisciplinary team of students with
backgrounds in engineering, ergonomics, architecture, and medicine. A phenomenal team of advisors from the
University of Michigan faculty and staff, NASA, Blue Origin, and Lockheed Martin assisted BLiSS. The purpose of
this paper is to convey the final Argo concept design and the rationale behind it.
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II. Argo Overview
Argo is a novel toroidal habitat configuration that makes use of both inflatable and rigid technologies.

Figure 1. Left: Exterior view of Argo module while deployed. Right: Exterior view of Argo module while stowed.
The Argo habitat module has an overall diameter of 20.00 m and can be packaged down to a radius of 9.10 m in
order to fit within the volumetric constraints imposed by the SLS fairing and proposed landers. 2,3
In its transit configuration, Argo is attached at its central hub to the power and propulsion element (PPE) of
NASA’s proposed Deep Space Transport (DST) interplanetary spacecraft. The habitat rotates around its center at 6
rpm in order to generate 0.38 g artificial gravity. Argo spins independently of the PPE and utilizes several high
power rotary transformers to allow the transfer of power and data. A large momentum wheel spins opposite the Argo
module in order to keep the PPE de-spun. In its surface configuration, Argo lays on its side propped up by several
support legs.

Figure 2. Left: Interior Outfitting for Transit Configuration. Right: Interior Outfitting for Surface Configuration
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Both the transit and surface configurations make use of a common structure consisting of three rigid nodes and
three inflatable corridors. The nodes contain critical systems such as the ISS-derived life support, avionics, and
power distribution that must be hard mounted in order to be activated immediately. The corridors contain the crew
areas (bunks, medbay, galley, etc.) and storage that can be outfitted after Argo’s initial deployment. Dual use is
enabled through an interior outfitting strategy that allows for the equipment and floor structure to be mounted 90
degrees from each other in order to facilitate both configurations.

Figure 3. Left: Argo Surface Configuration. Right: Argo Transit Configuration.

III. Argo Mission Operations
This section will provide mission context for the Argo transit and surface configurations.
A. Mission Conops
The mission concept of operations was developed based on the following assumptions: (1) a maximum of 2
SLS launches per, (2) a 20 mT Mars lander capacity, (3) separate launches for the Argo transit habitat and DST PPE.
and (4) a single MADV for crew descent and ascent utilizing storable propellant brought from Earth.3,15,16 The 2 SLS
launches per year assumption is based on the Exploration Roadmap outlined by Bill Gerstenmaier in a 2017
presentation to the NASA advisory council.16 The 20 mT lander capacity stems from the current NASA reference
design for the EMC Mars lander.3 The lander launches on SLS and takes approximately 2.5 years to reach Mars
using solar electric propulsion (SEP).3 For the DST the Argo team combined aspects of the baseline vehicle outlined
in the 2014 study by Burke et al. and the trajectories developed in a 2015 study by Chai et al. 15,17 The team preferred
the 2014 dual launch DST over the 2015 single launch design because launching the habitat separately from the PPE
allows for a habitat that is approximately 2.4X heavier than the single launch option. This mass margin is needed in
order to implement AG in transit. For the purposes of the Argo study, the DST is assumed to require a maximum of
1000 days continuous operation for human missions to Mars orbit and back. 1 The team baselined a dual use MADV
utilizing storable propellant for transporting the crew to/from the DST and Martian surface over a dedicated Mars
Ascent Vehicle (MAV) utilizing ISRU derived propellant. This is because architectures utilizing an ISRU supplied
MAV typically have the MAV landing on Mars months to years ahead of the crew and therefore require the crew to
land in the surface habitat.18 It was felt that having the crew land in the Argo surface habitat would be essentially
adding a third role to the module, that of landing capsule. Having the crew land in a dedicated MADV serves to
simplify Argo’s overall requirements. A storable propellant MADV is currently under consideration by NASA.3
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The mission will begin with the launch of the
surface power system and the Transit Hab. The surface
power system will be sent directly to the Martian surface
and the Transit Hab will rendezvous with the PPE at the
DSG to form the DST. This will be followed the
following year by another logistics launch carrying 2
pressurized rovers and the supplies/equipment for the
Surface Hab and a fuel launch for the DST. Year three of
the mission will involve crewed launch carrying the
remainder of the Transit Hab outfitting supplies. This
crewed mission will consist of a 200 day Lunar orbit
mission and serve as a validation for the Transit Hab. A
second launch will send a logistics lander containing the
airlock module and consumables for the Surface Hab.
The fourth year of the mission will fall within a
Hohmann Transfer window; the MADV and Surface Hab
will be launched. In the following year two logistics
launches will be launched, the first will deliver a Science
module and additional rovers, the second is an optional
resupply opportunity. In year 6 the crew will launch to
the Transit Hab and begin their journey to Mars. A
Figure 4. Mission I Concept of Operations
second MADV will also be launched for the second
crewed mission. The crew will remain in Martian orbit for 300-500 days during which they will undertake a short
duration 30 day surface stay. The crew will return to Earth in year 8 of the mission. The full mission campaign is
scheduled to take place from 2030-2037 with the crew segment lasting for approximately 1000 days. The full
concept of operations can be found in Figure 3.
Successive missions will use a similar launch sequence and will reuse the DST and the surface base from
the previous mission. Each ensuing mission will consist of one MADV launch, up to five logistics launches, one
DST fuel launch, and one crewed launch. Four of the five logistics launches will arrive at Mars ahead of the crew,
the fifth logistics launch will arrive while the crew is at Mars. Each crewed mission will last 8 years, the crew will
be away from Earth for 3 of those years. The surface stay duration can vary from 30-500 days according to NASA
X-have challenge proposal1. The ultimate goal is to work towards a 500 day surface stay. Figure 5 shows the
mission architecture for successive surface missions.

Figure 5. Successive Crewed Mission Architecture
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B. Deployment
The Surface Deployment and Transit Deployment strategies are different due to the differing needs of the
surface and transit missions in addition to the differences between each operating environment. The Transit Hab will
get launched first and rendezvous with the DSG platform in Lunar orbit. There it will rendezvous with the PPE
which is launched earlier. Once Argo is mated to the PPE to form the DST, the deployment will begin and the Arms
will extend the Nodes away from the Core. Argo will then be pressurized, expanding the inflatable Corridors to full
size. Robots from inside the Nodes will start printing trusses and floors in the inflatable Corridors. After the internal
structures are complete Argo will be spun up and down to validate all subsystems in both 0 G and 0.38 G
environments. Using an electric motor and flywheels, the Argo transit configuration will be able to spin up to 6 rpm
or down to 0 rpm in less than ten minutes. The spin up and down time was kept low to minimize the time the crew
spent constrained, as they will be seated through the duration of the procedure. Spin up and spin down will occur
once the DST has undocked from the DSG because the entire Argo transit configuration is intended to spin. Before
departure to Mars, a crewed logistics mission will be flown to outfit the Argo transit habitat. Major equipment not
launched with the habitat will be installed, and consumables such as food and medicine will be brought into the
habitat.
The first step of the Surface Deployment is sending logistics (rovers, powers systems, consumables, etc.) to
the Martian surface. All Martian surface payloads are delivered via the landers NASA has baselined for the EMC. 3
The rovers will set up the power and communication systems. The next element to land will be the Argo surface
habitat. The rovers from logistics missions will take Argo off the lander and move it to its designated base location.
The expansion procedure is identical to the Argo transit habitat deployment. Robots will attach inflatable suit locks
and install the essential facilities. Once validation of the surface hab is complete, the human mission to Mars can
begin.
C. Dormancy
Both the Argo surface and transit habitats will remain unoccupied for long periods of time both during and
between missions. The air will be revitalized by trace contaminant control to remove gases accumulated during
dormancy. The habitat will be depressurized after crew exits, and re-pressurized prior to crew return. Nitrogen will
be used maintain low pressure while the crew is away and Oxygen will be disabled to reduce fire risks. Water
recovery systems will be treated with biocide and water stores will be kept separate from water recovery and
dispensing.19 The sensors in the habitat will be remotely calibrated at dormancy temperature and pressures. On the
surface, the kilopower units are rated for 12-15 years and will provide constant power to all dormancy related
activities.7 Contingency responses will be in place in case of atmospheric conditioning failures, pressure
management failures, leaks, and environmental monitoring failures.

D. EVA
EVA operations can be separated into three distinct scenarios: exploration from the rover (<8 hrs),
maintenance and near region exploration (<6.5 hrs), and transferring to rover (~3 hrs). According to the Design
Reference Architecture 5.0 Addendum #2 the maximum EVA time per day is 8 hours. 20 EVAs from the Surface Hab
(10.2 psi; 26.5% O2) will require a 30 minute pre-breath time with exercise to acclimate the astronauts to the suit
conditions (4.7 psi; 75% O2).23 While the rover is attached to the Habitat it will be held constant at the same pressure
as the Habitat, on week-long excursions the rover’s atmosphere will decreased to the exploration atmosphere (8.2
psi; 34% O2). EVAs from the rover will not require a 15 minute pre-breath time with exercise.23 The pressurized
rovers will operate within a 50 km exploration radius. 20 Near region exploration will be done on foot and through
the use of roving vehicles. Additional exploration will be done using small robotic rovers and helicopters operated
from within the Surface Habitat and/or pressurized rovers.
The surface EVA system was designed with a focus on planetary and astronaut safety. To reduce possible
contamination of both Mars and the Habitat the EVA system will utilize suitports, protective dust covers for the
EVA suits, and a cleanroom airlock. The airlock system used will be the Dual-Chamber Hybrid Inflatable Suitlock
(DCIS).27 The airlock will be equipped with an air shower and UV lights. To conduct an EVA the airlock will first
be cleaned using UV lights, then the crew member will enter the airlock, using the air shower to remove any
contaminants. The astronaut will then don the mechanically pressurized body suit. Next the astronaut enters hardshell upper torso with attached dust cover through the suitport. After the EVA is complete the astronaut exits the
outer part of the suit through the suitport and doffs the body suit. Finally, the astronaut exits the airlock through the
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air shower at which point the airlock is once again sterilized using UV lights. This strategy was designed to mitigate
both biological contamination of Mars and regolith contamination of the Habitat.
To further mitigate contamination exterior storage boxes will be used to store samples collected during
EVAs. The storage container will be mounted on the outer face of the habitat with an opening that allows contents to
be brought inside a controlled environment in the habitat to be preconditioned and preserved before being brought
back to Earth.
Transit EVA was not considered do to the difficulty of performing EVA while Argo is spinning or despinning the entire transit habitat to go on EVA. Instead all critical components of the transit configuration are either
repairable form inside the Argo module or are designed to last for the full 1000 day mission and can be repaired at
the DSG. If an EVA is absolutely needed in transit one of the Nodes can be fashioned into a makeshift airlock.

IV. Argo Crew Systems
This section will provide an overview of Argo’s crew systems. The team defines these as the systems
directly responsible for the health and well-being of the crew.
A. Artificial Gravity
Although not required the X-HAB RFP listed artificial gravity as a desired feature.1 Artificial gravity
during the long transit to Mars offers two benefits. The first is that it keeps the crew in a planetary-like environment
before arriving on Mars. Preparations for EVA on ISS typically start 2 years before an astronaut launches to orbit.4
A 400+ day transit to Mars will overlap with this traditional training time and it is important that the crew have
some ability to practice Martian surface EVA while in transit otherwise they risk skill loss. The second advantage of
artificial gravity is that it better helps the crew retain muscle and bone mass during transit. Bone mass in particular is
incredibly hard to regain once it is lost with crew from the Skylab missions not fully recovering several decades after
their mission.5 The team fears that after several hundred days in microgravity the astronauts’ bones would weaken to
the point that a simple trip or fall on the Martian surface could result in a traumatic injury. Discussions with Joshua
Ehrlich, a participant in the HI-SEAS Mars mission analog, revealed that such trips and falls will be common during
surface EVA.
There are three key parameters for designing an artificial gravity system, radius, spin rate, and desired glevel. The spin rate in particular is based on human comfort as living in a spinning environment can induce motion
sickness. Based on a study by Lackner et al., 2003 the team assumed that humans could adapt to spin rates as high as
10 rpm.6 The NASA advisory team is skeptical of the validity of these results and asked for future iterations of Argo
to keep the spin rate at 6 rpm or lower.
The team decided on a gravity level of 0.38 g because it is a Martian analog and requires a smaller radius
than 1 g. The team understands that 0.38 g will also result in bone and muscle loss but likely to a lesser degree than
with full on microgravity. Discussions with Dr. Lore Ploutz-Snyder, UM’s Dean of Kinesiology and former lead
scientist for the NASA JSC exercise physiology and countermeasures project, suggest that 0.38 g artificial gravity
would still greatly augment the current ISS exercise regimen.
The mechanisms for spinning Argo transit configuration and keeping the DST despun will be discussed in
section 5.
B. ECLSS
Argo utilizes a common ECLSS architecture between the surface and transit configurations. The ECLSS
system was sized using NASA’s ALSSAT software. The team’s NASA advisors recommended an ECLSS system
based on ISS heritage technology with the exception of water reclamation which currently uses a maintenance
intensive vapor compression distillation. Trades were conducted utilizing the equivalent system mass (ESM) metric
and Cascade Distillation (CDS) was found to be a more effective water reclamation technology. Due to the long
duration nature of a Mars exploration mission, the team increased the water requirements compared to the ISS
baseline in order to account for laundry, bathing, and dishwashing.
The finalized ALSSAT simulation run modeled Argo as three separate module with a Node/Corridor pair
counting as a complete module. The atmosphere was simulated at a “worst case” condition of 14.70 psi Earth
normal composition. This is meant to replicate the atmosphere inside the transit configuration and represents the
maximum internal pressure. The surface habitat operates at 10.23 psi for reduced EVA preparation time. The results
of the ALSSAT simulation are shown below in tables 1, 2, 3, and 4:
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Table 1. Argo Transit Configuration ECLSS Mass
Transit Config.
System

Base Mass, Kg

Supply Mass, Kg

Spare Mass, Kg

Total

1,865

2,043

1,061

4,969

627

895

204

1,726

Water Treatment

1,664

2,268

1,357

5,289

Food

2,490

6,034

73

8,597

Total (w/ 5%
Margin)

6,573

13,220

2,695

21,544

Air Revitalization
Waste Management

Table 2. Argo Transit Configuration ECLSS Volume and Power
Transit Config. System

Technology

Volume, m^3

Air Revitalization

ISS

10.4

2,540

Waste Management

Warm Air Drying

18.6

863

Water Treatment

CDS

11.9

2,490

Food

Packaged/Crop

32.3

4,076

73.2

10,467

Total (w/ 5% Margin)

Power, W

Table 3. Argo Surface Configuration ECLSS Mass
Surface Config. System

Base Mass, Kg

Supply Mass, Kg

Spare Mass, Kg

Total

1,564

2,644

1,032

5,216

517

462

204

1,183

Water Treatment

1,526

1,640

1,077

4,243

Food

1,751

3,138

73

4,962

Total (w/ 5% Margin)

5,626

8,278

2,505

16,384

Air Revitalization
Waste Management
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Table 4. Argo Surface Configuration ECLSS Volume and Power
Surface Config. System

Technology

Air Revitalization

ISS

Waste Management

Volume, m^3

Power, W
7.9

2,545

Warm Air Drying

11.5

863.7

Water Treatment

CDS

10.7

2,491

Food

Packaged/Crop

22.0

4,076

52.1

10,474

Total (w/ 5% Margin)

Because ECLSS is a critical, life sustaining system all primary ECLSS equipment are mounted in the Node
modules. This allows for Argo to maintain a habitable environment immediately after initial deployment and allows
for a direct link to Argo’s power, thermal, and data lines. The ECLSS equipment is divided between the three nodes
so as to provide redundancy. If one of the nodes suffers a catastrophic event such as a fire or rupture, the mission
can continue using the ECLSS equipment in the other nodes.
C. Radiation Design
The radiation analysis for Argo primarily focused on mitigating total dose from galactic cosmic radiation
(GCR). This was guided by discussions with mentors at Lockheed Martin and NASA who felt that solar particle
event (SPE) shielding was trivial compared to GCR, since GCR particles are significantly more energetic and
massive than SPE particles. Argo’s shielding design is based on the following assumptions. The first is that the
maximum annual radiation limit per crew member is 0.50 Sv. 22 This is based on the maximum allowable annual
dose for a female astronaut over the age of 35.22 The second assumption is that the astronauts will receive
1.84mSv/day in transit and 0.64 mSv/day on Mars.21 These dose rates come directly from the Curiosity Radiation
Assessment Detector (RAD) instrument and represent the current best knowledge on dosimetry in interplanetary
space. The third assumption is that each crew member has a career dose limit of 1.67 Sv. This is 80.00 mSv less than
the NASA career limit for females over 35 because it assumes that each astronaut has some previous spaceflight
experience (6-month ISS stay) before departing for Mars. The final assumption is that a typical mission to Mars
consists of 700 days in transit and 400-500 days on the surface and is based on reference trajectories for the DST. 15
This analysis did not consider a Mars orbital mission which would see the crew exposed to 1000 continuous days of
the transit radiation environment. Using these assumptions the team performed analysis using NASA’s On-Line
Tool for Assessment of Radiation in Space (OLTARIS). The first simulation assumed no additional shielding than
Argo’s primary structure and MMOD shielding. This resulted in a total mission dose of 1.63 Sv and an annual dose
of 0.68 Sv. Although this is below the assumed career dose limit, the annual dose is higher than desired. A second
analysis was performed simulating an 12 cm thick Aluminum(Al)-Polyethylene(PE)-Aluminum(Al)-shield (1 cm x
10 cm x 1 cm) around the entire Argo module. This produced a mission dose of 1.09 Sv and an annual dose of 0.43
Sv. Although this is below both the total and annual dose limits, the mass of the required shielding material is in
excess of 100 mT which is unacceptable given Argo’s overall requirements. The team is currently investigating the
possibility of partial shielding or providing the crew with Astrorad radiation vests. (Lockheed Martin is codeveloping Astronaut with Stemrad) If new data emerges demonstrating that an annual dose of 0.68 Sv (0.13 Sv
over current NASA limits) is acceptable, than Argo has sufficient GCR shielding built in.
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D. Crew Spaces
The deployed toroidal habitat provides a floor area of about 156.08 m2 in the transit configuration and 132.86 m2
in the surface configuration. A rough layout of the crew spaces is depicted in Figure 6.
The spaces within these broadly consist of:
(a) Sleeping quarters: Private space for each crew member consisting
of sleeping surface, work table and storage enclosed with
soundproof partitions
(b) Food preparation: Food storage, preparation surface, preparation
appliances and compact greenhouse modules
(c) Dining and recreation: Table for eating, meetings and space for
recreational activities
(d) Exercise: Consisting of a foldable treadmill, vibration isolation
system, resistance bands and space with a stretch mat
(e) Medical Bay: Consisting of examination table, medical
equipment and sterilization tools
(f) Storage: These are distributed across the habitat for personal
storage, food storage, spare parts, science equipment, specimens
storage and others
(g) Controls and monitoring: Main controls located in one node and
Figure 6. Habitat Zoning
secondary controls in other two Nodes
(h) A science module for conducting experiments will be an independent module attached to the surface
configuration habitat
(i) A surface EVA module for conducting frequent EVAs on the Martian surface will be an independent
module attached to the surface configuration habitat.
The layout is a linear sequence of spaces in both configurations (Refer to appendix B). To maintain commonality
between the transit and surface configurations, the sequence of spaces on both the habitats is similar. In the transit
configuration, all the furniture and work surfaces are planned in a way to provide physical and visual cues to the
crew members to orient themselves to the axial direction of spinning. This helps in reducing the effect of spinning
on the crew members. A free passage way is planned to one side for free movement throughout the habitat while
spaces, appliances and furniture are arranged along the other side. The spaces are planned considering universal
design dimensions keeping in mind that a crew member can navigate independently throughout the habitat even in
the case of impairment throughout the entire mission.
The Nodes have hatches on both interfaces to the inflatable Corridors. In case of a potential issue with an
inflatable Corridor, these can closed off to isolate the Corridor. This way, the rest of the two inflatable Corridors and
Nodes remain pressurized and habitable.
All interior equipment is designed to be usable in a microgravity environment in order to accommodate mission
phases when the habitat is despun and for the eventuality that the artificial gravity drive system fails.

V. Argo Spacecraft Systems
This section will provide an overview of Argo’s spacecraft systems. The team defines spacecraft systems as
those not directly responsible for the health and well-being of these crew. These are defined as “crew systems” and
are discussed in section IV.
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A. Structures and Mechanisms
The Argo module is constructed from four types of primary structures;
nodes in Figure 8, center core, arms in Figure 7, and corridors in Figure 9.
1)Arms
The spacecraft has three telescopic arms. Each arm is constructed of
seven parts and can extend its length from 1.00m to 7.84m using a nesting
mechanism. The cross-section of each arm is shaped as narrow rectangle to
obtain maximum cross-sectional area and high geometric moment of inertia at
the same time.
2) Nodes
Argo’s three rigid Node modules are located at the end of each arm.
Each Node is made up of an AL 7039 isogrid with an FOS of 1.2.9 The exterior
of each Node is covered in 0.94 kg/m2 of thermal blankets for insulation.8 For
the transit configuration, each Node is covered in 7 kg/m2 of MMOD shielding.
Debris shielding is assumed to not be necessary on the Martian surface. Each
node has an overall diameter of 3.75 m and an overall length of 3.79 m. Three
hatches are embedded into the surface of each Node. Two interior hatches on
the Node’s end caps open allow access to the adjacent Corridor and can be
closed in the event of an emergency to seal off a damaged part of Argo. The
third hatch is on the Node’s outer surface and opens to the exterior
environment. In the transit configuration this exterior hatch serves as a docking
port for visiting logistics vehicles and the Orion MPCV. On the Martian
surface this hatch is used to connect Argo to other modules, rovers, and
logistics.

Figure 7. Design of Arm

Figure 8. Design of Node.

Table 5. Argo Spacecraft Nodes specification
Component

Node

Mass (kg)

Rationale

Pressure Shell

185.74 Al 7039-T61, FOS of 1.29

MMOD

312.55 Columbus MMOD shielding (7 kg/m^2)10

Insulation

41.82 Advanced Life Support Baseline Values8 (9.4e-1 kg/m2)

TOTAL: Transit

540.11

TOTAL: Surface

227.56 Surface configuration does not receive MMOD shielding

3) Corridors
The Corridors are inflatable structures based off of the NASA
TransHab technology. The basic Corridor membrane consists of a Vectran gas
retention layer, a Kevlar restraint layer, and thermal insulation blankets. 8
Because the Corridor is a softgood it is designed to a FOS of 4. In the Argo
transit configuration each corridor is covered in 12.8 kg/m2 of MMOD
shielding.
NASA advised that the Corridor be designed to only carry the tensile
loads induced by Argo’s internal pressure. The weight of equipment and the
crew is supported by an internal truss and floor structure. This internal structure
also supports the loading due to rotation and allows Argo to spin more or less as Figure 9. Corridor Section Showing
Internal Structure
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a rigid body. The truss is assembled robotically after the Corridors are inflated. The assembly system is similar to
the Made in Space Archinaut and Firmamentum Spiderfab technologies. Based on successful ground tests the team
places this autonomous construction technology at TRL4-6.11,12 Several 3D printers print plastic truss segments
which are connected together using material handling robots. This allows Argo to avoid needing complex internal
deployment mechanisms and enables the floor to be optimized for the Martian surface or the artificial gravity transit
environment.
Table 6: Argo Spacecraft Corridor specification
Component

Mass (kg)

Rationale
43.17 Kevlar, FOS of 49

Inflatable Shell

2583.28 Advanced Life Support Baseline Value for TransHab 8

MMOD

189.23 (12.8 kg/m2)8

Insulation
Corridor
TOTAL:Transit

2815.68 Advanced Life Support Baseline Values8 (9.4e-1 kg/m2)

TOTAL: Surface

232.4 Surface configuration does not receive MMOD shielding

Table 7: Argo Spacecraft Truss specification
Component

Mass (kg)

Rationale

3D Printers (x6)

108 Mass of Makerbot Replicator+ is 18 kg13

Material
Handling Robots
(x3)

225 Mass of Baxter Robotics Platform is 75kg14

Truss
Floor Structural
Material

1517.1 PLA plastic

TOTAL

1850.1

4) Center Core
The center core serves as the primary structural and electrical interface with the DST. As of writing the
reference design for the DST PPE is not intended to spin during flight. In order to keep the DST stationary, Argo
must provide a means of canceling out the angular momentum of the spinning habitat. This is done by a large
momentum wheel housed in the Core. The team baselined a 3 m diameter Aluminum wheel with a mass of 653 kg
spinning opposite the rest of the Argo module at 7000 rpm. According to the team’s NASA advisors, this
momentum wheel would be comparable to those currently on ISS and that ground tests have demonstrated reliable
momentum storage for decades. Spin-up spin-down of both the Argo module and momentum wheel is accomplished
using an electric motor.
B. Power System
The Argo module is split up into seven “power zones”, three being the systems located in each of the nodes
(Zones A, B, and C), three being the systems located in each of the corridors (Zones AB, BC, and AC), and the last
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zone including all systems of the spacecraft that should remain operational at all times (Zone 0). Circuit breakers are
located in each node that are capable of individually cutting power to the circuits of the respective node and the two
adjacent corridor sections. These circuit breakers allows users to quickly shut off power to a zone in case of
emergencies such as fires, gas leaks, or decompression or for maintenance work. All power zones include Zone 0
within them and power is drawn equally from all operational zones in order to power Zone 0. This requires all six
other power zones to be turned off in order to turn off Zone 0, something that should, nominally, never occur.

Figure 10: Argo Power Distribution System
Power is distributed around the habitat using electrical wiring that is routed on the top of the surface habitat and
on the inside circle of the transit habitat, meaning it is always located on the ceiling according to an inhabitant of the
habitat. This reduces the amount of wiring needed to provide power to the LED lighting in the habitat. Electrical
wiring is then routed down in offshoots to either general electrical outlets or to specific spacecraft systems.
In the transit configuration, power is supplied wirelessly from the DST through a high power rotary transformer.
This allows for high efficiency power transfer from the DST, which is not spinning, to the habitat, that is spinning.
The required peak power draw from the DST is 45.6 kW and assumes that all spacecraft systems are turned on at
once. The transit power budget is shown below in Table 8.
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Table 8. Transit Configuration Power Budget
System

Subsystem

Power used (W)

To Earth

1,450

To EVA

150

Comms

Crew Systems

Air Revitalization

2,540

Waste

862.6

Water

2,489

Food

4,076

Washer/Dryer

60

Power

Lights

ADCS

Reaction Wheels

14,076

Other

Kitchen, Med bay, Living Area, etc.

13,000

Total (w/ 5% Margin)

4,725

45,600

In the surface configuration, power is supplied from four 10kW Kilopower6 units stationed at least one kilometer
away from the habitat for protection from radiation. These four units, with one additional unit for backup, totaling
five units, were decided upon based on a surface power budget of 31.5 kW to power all systems at once. The surface
power budget is broken down in Table 9 below. This assumes constant power draw during both the Martian day and
night, hence the team’s decision to go with a nuclear power source. More Kilopower units would be added as the
surface base grows.
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Table 9. Surface Configuration Power Budget
System

Subsystem

To Mars Orbiting Satellite

Power used (W)

56

Comms
To EVA

150

Air Revitalization

2,545

Waste

863.7

Water

2,491

Food

4,076

Crew Systems

Human Factors

Washer/Dryer

Power

Lights

Other

Exercise Area, Kitchen, Med Bay, Rovers,
etc.

Total (w/ 5%
Margin)

60

4,725

15,000

31,500

C. Thermal Management System
The Argo thermal management system uses a combination of passive and active control systems. Both the
surface and transit configurations will be lined with Multi-Layer Insulation (MLI) to guard against excess heat loss.
The active control system consists of a mechanically pumped closed-loop fluid circuit to collect, transport, and
reject waste heat to maintain cabin temperature. There is an internal and external system, with two loops each for
redundancy. The internal thermal system uses deionized water as the working fluid. The system is temperature
controllable, with variable conductance heat pipes and heaters that transfer heat from the electronics. The external
system uses single phase ammonia as the thermal system working fluid. Similar pump and flow control systems are
used to circulate the ammonia, and heat will be rejected through retractable radiators. The thermal system was
designed using the NASA ALSSAT tool. The thermal management schematic is shown below in Figure 11.
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Figure 11. Thermal Management System

Figure 12. Notional Placement of Argo Radiators (Red)
D. Communications System
The team defined three different circumstances of the communication, cruising, Mars surface to orbit and
ground EVA as shown in Table 10. The first communication situation is cruising to Mars. NASA's DSN transmits to
the DST's antenna by Ka-Band. The second situation is communication between Mars surface to Mars orbit. The
Argo surface module will use both a Ka-Band antenna to transmit directly to Earth when possible and to a relay
satellite when not. The surface to orbit antenna will be a medium-gain Ka-Band antenna and will be able to function
as the emergency backup to the primary antennas. The last communication circumstances is communications
between assets on the Martian surface, primarily astronauts on EVA. A UHF Low-Gain-Antenna is deployed around
the habitat after landing for surface communications on EVA.
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Table 10. Communication Systems
Ground Station
Antenna

Cruise and DTE

Medium-gain
34-m BWG Antenna Ka-Band Antenna

Surface to Orbit

Surface to
Surface and EVA

Medium-gain
Ka-Band Antenna

UHF Low-Gain-Antenna

Frequency[Ghz]

32

34.37

34.37

400

Diameter[m]

34

4

1

2.4

Beamwidth[degree]

0.02

0.204

0.611

21.875

Antenna Efficiency

0.55

0.55

0.55

0.55

78.06

60.58

48.54

17.34

20,000

100

50

80

4.0 * 10^8

4.0 * 10^8

3.16 * 10^5

5.0 * 10^4

2 * 10^6

2.56 * 10^6

2.00 * 10^7

2.00 * 10^7

4.542

3.201

24.634

3.119

Gain[dB]
Transmitter Power[W]
Propagation Range[km]
Data Rate[Bps]
Margin
E. Avionics

Each Node houses operations control equipment and a display Interface. One Node serves as the primary
spacecraft control interface with the other two serving as backups. All three control stations are hard wired through
Argo’s central hub. The Avionics system of Argo was inspired from the Orion Spacecraft. 24

Figure 13. Avionics System in a Node
The architecture considered for the Avionics system is a Distributed and Integrity Measurement
Architecture (IMA), since it is robust , modular and has a easily scalable design. The components of the avionics
systems include Vehicle Management Computers (VMC), Power and data units(PDU), Time Triggered Ethernet
onboard data network(TTEthernet), Wireless Sensor Network(WSN) 25. The VMCs provide a central computing
platform to host software applications for a variety of vehicle subsystems. The PDUs provide sensor data gathering,
actuator control, and power distribution for critical vehicle subsystems. Also, TTEthernet provides priority-based
network communications via time triggered, rate constrained, and best effort traffic classes. The WSN collects the
17
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data from the sensors and routes to the VMC and the Display Interface, where the environmental parameters are
monitored and displayed.
Each Operations Control in Argo has a VMC for selective decision making, WSN comprising of a Sensor
node which wirelessly interfaces with all the sensors of a Node. The Sensor Node has a controller and an inbuilt data
storage incase of a WSN failure. Wearable sensors on the astronauts can be used for tracking crew
movements/location around the habitat, which will be useful during critical failure evacuation procedures.

Figure 14. Avionics System Block Diagram
The VMCs comprises of Processors and Data Storage shown in Figure 13, Each Processor in the VMC
makes its own decision. Each VMC selects the decision from the processor’s decision by the process of selective
decision making. The decision from the VMCs will be again selected on the majority rule. The mission critical
decisions are determined following this process. The Decision making layers are controllable , such that non critical
decisions can be controlled at the Node level. This Architecture is scalable which is shown in Figure 14 as all the
critical systems will be connected through wired and wireless connections, hence redundancy can be covered.
Time Series Analysis Techniques can be used for data processing by conversion of time series data to
discrete segments or symbols. This is useful in case of Large scale data management.This technique uses a
distributed storage technique on the converted time series data that breaks the data files into segments that contain a
portion of the full time series dataset. Incase of an issue that particular values are separated and identified so that
such data points are not missed. It also uses “out-of-band” quality control failures, which monitors the boundary
conditions and incase of an anomaly alarms are triggered or in turn triggers a set of events. 26

VI. Risk Assessment
Argo was designed with potential failures in mind. As per the X-HAB RFP, the module needs at least two
redundant pressurized volumes, so in case of a failure, the crew can evacuate to the other volume. Argo can provide
triple redundancy through hatches located in each Node. In the event that a Node or Corridor becomes compromised
due, the damaged section can be sealed off. All critical items, such as ECLSS and avionics, are therefore located
inside the Nodes for maximum durability.
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A risk analysis was done to find the major risk and failure points and
mitigation techniques. This analysis is shown below in Figure 16. In the risk
matrix, Figure 16, the most severe risk identified is explosive decompression
due to either material fatigue, engineering failure or impact. To mitigate this,
the seals can be reinforced or the leaks can be blocked immediately. The
primary failure modes have been investigated and have a corresponding
protocol to reduce risk.

Figure 15. Nodes A and B sealing off a
damaged Corridor

1. Explosive
Decompression

9. O2/N2 Pressure
failure

2. Toxic Leaks

10. Cabin Pressure
failure

3. Power
11. Inflatable
Transmitter failure failure
4. Orbital Debris
impacts

12. Fire

5. EVA Airlock
failure

13. Air and Water
contamination

6. Node failure

14. Waste
Management
System failure

7. Reaction wheel
failure

15.
Communication
System failure

8. CO2 Pressure
failure

Figure 16. Risk Matrix

VII. Mockups
BLiSS will be constructing two kinds of mockups for evaluation by NASA reviewers at the end of
the X-HAB 2018. The first mockup will be a 1:1 scale physical mockup of a Node and a small section of a Corridor.
This represents the largest piece of Argo that can fit in the space allocated by the University. The goal of the
physical mockup is to delve into the details and create a tangible built environment with the same texture, lighting,
feel, and acoustics as Argo. The second mockup will be a virtual reality (VR) simulation of the full Argo module.
VR renderings will be made of both the transit and surface configurations in order to convey a general sense of what
it would be like to be inside Argo.
The VR and physical mockup work will feed into each other. VR allows for quick iteration on different
concepts and layouts before they get tried on the physical module. The physical mockup can replicate aspects of the
real module that are difficult to recreate virtually such as texture, lighting, and a sense of enclosure. The ultimate
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goal is to combine the VR and physical mockups into a single experience where participants can start in the physical
space, put on a headset, and then “walk off” into a full scale rendering of Argo.
A. Physical Mockup
The physical mockup will look to go into further detail than the VR system can get to. The physical mockup will
look to mimic the actual environment an astronaut may feel on while living in the actual habitat. Due to volume
constraints of the basement room in which the physical mockup will be built only a single node and a small portion
of the corridor will be built. The Node mockup will also be used to investigate different ways of packaging the
various systems that need to go inside of it. A rendering of the Node mockup’s frame is shown below in Figure 17.
The spacing between the vertical members is approximately 2 feet, and is meant to represent the 18 inch
width of a shuttle middeck locker, a standard unit of volume
for equipment on American space vehicles. The large square
entryway represents the Node’s exterior hatch and is large
enough for an astronaut in a spacesuit to pass through. BLiSS
intends to use this opening to demo different hatch designs as
NASA has advised the team that hatches for Mars exploration
missions are still up for trade. BLiSS will also trade different
concepts for internal hatches on the sides of the mockup
representing passages into the Corridors. As the design
progresses, additional structure will be added to the mockup
in order to simulate the module’s hull and give it a more
cylindrical appearance. Additional structures will be added
like additional flooring and curved wall to simulate the feel
and atmosphere of being in the Node. Once this is all
outfitted the physical mockup will turn to the VR simulations
to best determine what structures should be built and outfitted
within the Node.
Figure 17. Node Mockup Internal Frame
B. Virtual Reality Simulation
While a physical mockup is useful to visualize the surface habitat, BLISS also wanted others to experience
the transit version as well. Building the transit version was not possible given the constraints of the building area and
the budget. Virtual Reality (VR) simulation was created to show the transit and surface habitats in full scale. VR
makes it possible to visualize space and perceive depth just like real life. Virtual walkthroughs and inspections
through the habitat make it easy to see if sizes and placements need to be changed. For example, the space for the
bathroom was created in the model, and a member entered the space to see if it was possible to perform all bathroom
related tasks. The models were created in the Rhino CAD software and were imported into the MIDEN VR system
in the University of Michigan..
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Figure 18. MIDEN cave
Two different virtual reality opportunity is developed by our team: the MIDEN (Michigan Immersive
Digital Experience Nexus) and Oculus Rift Simulation. The Oculus Rift is a traditional VR experience with goggles
and a controller, while the MIDEN VR system is a physical volume one steps into, as shown in Figure 18. The
MIDEN VR system has three of 3.05 m x 3.05 m screen wall and a searing, which project high resolution image of
the VR model. The habitat is projected onto four walls of the nexus and with glasses, which has IR marker and
make possible to see the entire space in 3D.

VIII. Conclusion
The Argo habitat concept is an attempt to fulfill the difficult task of designing a habitat module that can be
used both as an in-space transit habitat and a Mars surface habitat. Its design is the culmination of a year-long effort
by a multidisciplinary team of students and faculty representing a variety of disciplines at the University of
Michigan.
Argo’s approach to commonality was to compare requirements from both the transit and surface missions
and choose the one that is more driving of the design. The concept of the hybrid inflatable torus configuration
enables Argo to provide an expansive habitat on the Martian surface while enabling redundant volume and artificial
gravity while in transit. Further analysis of Argo’s structure, subsystems, radiation environment and other key
parameters suggest that a habitat of this configuration could be made to conform to the requirements and constraints
of NASA’s Evolvable Mars Campaign (EMC) exploration architecture.
Physical and virtual mockups were constructed for final evaluation of the concept and presentation to
NASA. In the future the Argo team will seek input from the larger habitat community in order to produce a more
credible design.
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Appendix A
Level 1 Requirements
L1-01: The Argo System shall be capable of being configured into either a Transit Configuration or a Surface
Configuration.
Rationale: Habitation system must have commonality between the in-space and surface habitat designs so the crew
will be familiar with the layout, function, and operation of the surface habitat when it arrives on Mars. In addition
commonality between spacecraft components can reduce risk, reduce manufacturing overhead, and streamline
logistics.
L1-02: The Argo System shall accommodate a crew of 4 people.
Rationale: The capacity of the Orion MPCV is 4 people at launch.
L1-03: The Argo System shall include an airlock sized for at least 2 people.
Rationale: X-HAB RFP requested that habitat enable 2-person EVAs in transit and on the surface.
L1-04: The Argo System shall be capable of being reused on multiple missions.
Rationale: Requested in X-HAB RFP. Reuse will lower the cost of successive missions.

L1-05: The Argo System shall be compatible with the EMC mission architecture.
Rationale: The Evolvable Mars Campaign (EMC) is NASA’s current architecture for sending humans to Mars.
L1-06: The Argo System shall enable productive science in space and on Mars.
Rationale: Science is the primary objective of space exploration.
Level 2 Requirements
L2-01: The Argo System shall include utilities, including ECLSS.
Rationale: Missions to Mars will last years, and a life support system is necessary to keep the crew alive and well
for the duration of the mission.
Traceability: L1-02
L2-02: The Argo Transit Configuration shall consist of two volumes.
Rationale: Requested in X-HAB RFP. Redundant volumes can act as a safe haven from the other
in the event of smoke, fire, or pressure loss in one of the pressure vessels.
Traceability: L1-02
L2-03: Design of the Argo System shell adhere to NASA NPG:8705.2 Human Rating Requirements and Guidelines
for Space-Flight Systems.
Rationale: Argo is a crewed vehicle.
Traceability: L1-02
L2-04: The Argo Transit Configuration shall provide 1000 days of logistics per crew member.
Rationale: EMC gives 1000 days as a reference for transfer to and from Mars with contingency.
Traceability: L1-05
L2-05: The Argo Surface Configuration shall provide 500 days of logistics per crew member.
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Rationale: EMC gives 500 days as a reference for surface stay.
Traceability: L1-05
L2-06: The largest element of the Argo Surface Configuration shall have a maximum landed mass of no more than
20 Mt and a maximum stowed diameter of 7.2 m.
Rationale: EMC baseline lander dimensions and payload capacity.
Traceability: L1-05
L2-07: The Argo Surface Configuration shall provide connectivity to logistics resupply.
Rationale: Requested in X-HAB RFP. EMC envisions a gradual buildup of equipment and supplies at a single
exploration site on Mars.
Traceability: L1-05
L2-08: The Argo Surface Configuration shall provide connectivity to two pressurized rovers.
Rationale: Requested in X-HAB RFP. Mobility is key for enabling human exploration of the Martian surface.
Traceability: L1-05
L2-09: The Argo Surface Configuration shall provide access to crew descent and ascent vehicles.
Rationale: Requested in X-HAB RFP. Crew will arrive and depart from Mars in dedicated vehicles.
Traceability: L1-05
L2-10: The Argo Transfer Configuration shall be sized to fit within a 10-m diameter SLS fairing during launch.
Rationale: Requested in X-HAB RFP. 10 meters is the largest planned SLS fairing.
Traceability: L1-05
L2-11: The Argo Transfer Configuration shall have a maximum launch mass of 25 Mt and a maximum Earth
departure mass of 42 Mt.
Rationale: Mass constraints imposed by NASA Deep Space Transport design.
Traceability: L1-05
L2-12: The Argo Surface Configuration shall include options for base growth.
Rationale: Requested in X-HAB RFP. Initial habitat is first element of a permanent human presence on Mars.
Traceability: L1-05
L2-13: The design and operation of the Argo Surface Configuration shall adhere to current planetary protection
protocol.
Rationale: Planetary protection is crucial for meeting science objectives and protecting life on Earth.
Traceability: L1-06
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Appendix B
Transit Configuration Layout (Unrolled Strip)
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Surface Configuration Layout
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Appendix C
Argo Transit Configuration Mass Budget*

Argo Surface Configuration Mass Budget*

Subsystem

Mass (kg)

Subsystem

Mass (kg)

Structures & Mechanisms

15696

Structures & Mechanisms

4049

Power

903

Power

1173

Comms

399

Comms

439

ECLSS and Thermal

6573

ECLSS and Thermal

5626

Consumables and Spares

15915

Consumables and Spares

10783

TOTAL (kg)

39486

TOTAL (kg)

22070

MAX ALLOWED (kg)17

53680

MAX ALLOWED (kg)3**

20000

RESERVE (kg)

14194

*Margin is applied at the component level in accordance with NASA best practices. 28
**Surface Habitat can be brought down in pieces to the Martian surface. The primary constraint is that no single
component can have a mass greater than 20 Mt.
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